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Abstract 
Diaphragm walls are generally constructed using stiff concrete of same stiffness throughout. Research has shown 
that as wall flexibility increases, the stress imposed by the soil redistribute and reduces structural forces on wall. 
Approximately five fold reduction in maximum bending moment occurred when wall stiffness was reduced from 
that of a 1m concrete section to that of a Frodinghamn1N sheet pile. Unfortunately this beneficial effect is 
accompanied by greater wall and soil movements (Potts & Day, 1991). So the diaphragm wall cannot be too 
flexible also. In this paper static analysis of two different diaphragm wall sections of varying stiffness is carried out 
using PLAXIS software for the load condition existing at deep draft berth of New Mangalore Port, and the 
performances of these sections are compared with previous study performed by Yajnheswaran et al. (2015). The 
diaphragm wall sections used in analysis are modeled as single panel. The length of the panel is taken as 5m. 
Anchors are provided at +2.5m. Soil layer details are obtained from boreholes at NMPT.  
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1. Introduction 
Berthing structures are constructed in ports and harbors to provide facilities for berthing and mooring of 
vessels, loading and unloading of cargo and for embarking and disembarking of passengers and vehicles. In 
berthing structures, lateral forces are caused by impact of berthing ships, pull from mooring ropes, pressure of 
wind, current, wave and floating ice, seismic force, active earth pressure, differential water pressure, in addition to 
self-weight of the structure and live load. 
Diaphragm walls and anchor rods are provided to support open berth structures in marine soils. The 
diaphragm walls are subjected to loads due to the soil layer on one side of the structure. In case of dredging, 
additional lateral loads are derived from landside earth pressure. If not properly designed, the structure may fail 
due to these loads. So a common practice in design of diaphragm wall is to design a thick section of uniform 
stiffness throughout. In this paper two diaphragm wall sections of non uniform stiffness are analyzed using finite 
element software PLAXIS 3D and the displacement, shear force and bending moment of the structure subjected to 
static loads are investigated and the results are compared.  
2. Review of Literature 
Comprehensive model tests by Tschebotarioff (1948) and Rowe (1952) lead to the first quantitative evaluation 
of the effect of the wall flexibility on bending moment. Theoretical studies by Baumann (1934), Hansen (1953), 
Terzaghi (1953), Rowe (1955) and Richart (1957) have demonstrated that the maximum bending moment in 
anchored sheet pile retaining wall is dependent on the stiffness of the wall. Rowe (1957) performed approximately 
900 small scale model tests on anchored sheet pile wall. He conducted two types of tests denoted as pressure test 
and flexibility test. From the flexibility test, Rowe established a relationship between the degree of sheet pile and 
reduction in bending moment. Lasebnik (1961) performed large scale model test on anchored sheet pile wall and 
he concluded sheet pile flexibility has a large effect on bending moment. The total active pressure against a 
flexible wall is 25-30% smaller than that against a rigid wall. Potts and Day (1991) suggested significant savings 
can be made if flexible walls are used instead of stiffer diaphragms. 
3. Details of Berthing Structure 
The cross section of existing deep draft berth is shown in Fig 1. The components of the berth includes diaphragm 
wall, deck slab, longitudinal and cross beams, pile cap, pile and anchor rod. The diaphragm wall is located at 33 m 
from left most pile and it is of 1100 mm thickness. The tie rod anchor is inclined at an angle of 45° and it is pre-
stressed to a load of 225 Tones. The anchor rods are provided at every 2.5 m interval. The width and depth of the 
beams are 1200×1200mm. The maximum span of the longitudinal beam is 10m and the minimum is 3m. The slab 
is simply supported having dimensions of 10m×5m and the thickness of the slab is 600mm. The width of the 
berthing structure is 33 m. The berth is supported by a diaphragm wall and 4 rows of 1200mm diameter piles. The 
piles are terminated at a depth of -30 m. The pile spacing is 10m center to center. The dredge depth is -10m near 
the diaphragm wall and -17 m near the first pile as shown in fig 1. Hard rock is found at a depth of -30 m. The 
chart datum is at 0 m. 
 
Table 1 Input parameters of structural elements 
Materials   Models  Modulus of 
elasticity 
Poisons ratio 
Pile Elastic  4.025E7 0.15 
Beam  Elastic  1.233E7 0.15 
Anchor rod Elastic  1.351E8  
Diaphragm wall Elastic  5.9E8 0.15 
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Table 2 Soil properties 
 
Material   Model Young’s 
modulus (kN/m2) 
Ɣsat (kN/m3) Poisons 
ratio(Ʋ) 
Cref ɸ 
Fine sand Elastic 80000 18.0 0.3 0.5 30.0 
Medium sand Elastic 70000 18.0 0.3 0.45 30.0 
Marine clay Elastic 20000 18.0 0.49 17 0 
Coarse sand Elastic  60000 18.0 0.25 0.4 30.0 
 
 
The different parameters to be inputted into the PLAXIS 3D software include the structural details of the 
different elements (Table 1) and also the properties of the different soil layers (Table 2). All the details to be 
inputted are collected from New Mangalore Port Trust.  
 
 
Fig 1 Cross section of deep draft berth 
4. Numerical modeling 
Numerical models involving FEM can offer several approximations to predict true solutions. The 
accuracy of these approximations depends on the modeler’s ability to portray what is happening in the field. Often 
the problem being modeled is complex and has to be simplified to obtain a solution. 
Finite element method has become more popular as a soil response prediction tool. This has led to 
increased pressure on researchers to develop more comprehensive descriptions for soil behavior, which in turn 
leads to more complex constitutive relationship. Prevost and Popescu (1996) state that for a constitutive model to 
be satisfactory it must be able to: (1) define the material behavior for all stress and strain paths; (2) identify model 
parameters by means of standard material tests; and (3) physically represent the material response to changes in 
applied stress or strain. Previous studies have explored constitutive models and found that the use of isotropic 
models such as elasto plastic Mohr–Coulomb and Drucker–Prager models are sufficiently accurate. In the past, 
linear elastic constitutive models have been commonly used in are three-dimensional finite element analysis, plain 
strain analysis and axisymmetric finite element analysis. In this present study, three-dimensional finite element 
approach is adopted. 
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5. Description of approach 
In this study the 3D finite element program ‘‘PLAXIS 3D’’ was used for the analysis of Diaphragm wall. 
The cross-section of the diaphragm wall is modelled in the PLAXIS 3D (Input window as shown in Fig 2). The 
model includes soil strata and structural elements. The length and depth of the model is taken as 66m and 29.5m as 
per the drawings provided by New Mangalore Port. The diaphragm wall is modelled as a single panel. The length 
of the panel is taken as 5m. The diaphragm wall is provided with anchors at a spacing of 2.5m.  
 
 
 
 
Fig 2 Cross section of diaphragm wall modelled in PLAXIS 3D 
 
 
The two diaphragm wall sections considered for analysis are: 
 
 
 
 
                                     Fig 3 Diaphragm wall section 1                                                                     
 
 
 
Section 1 is a solid structure with two rectangular concrete piles at the ends and a panel of 0.8m thick concrete in 
between. Section 2 is similar to section 1but the solid piles are replaced by hollow rectangular concrete piles. 
Bending stiffness of sections is found to be 1.99×108 kNm2 and 1.16×108 kNm2 respectively. 
6. Result  
The extreme displacements of two sections are found to be 0.01061m and 0.01133m. The anchor rods were 
provided at +2.5m above datum at spacing of 2.5m. The displacement of diaphragm wall is zero at the bottom. The 
variation of displacement of the diaphragm wall with increasing depth of the diaphragm wall is shown in Fig 5&6. 
 
 
Fig 4 Diaphragm wall section 2 with 
hollow square concrete pile at the 
ends                                       
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Fig 5 Variation of displacement of diaphragm wall section 1 
  
 
 
Fig 6 Variation of displacement for section 2 
 
 
The variation in shear force is as shown in Fig 7&8. The force due to passive earth pressure starts to act from -10 
m. The maximum shear force is obtained at the bottom of the diaphragm wall. The maximum value of shear force 
obtained is at the bottom of the diaphragm wall and is equal to 1180 and 6960 kN/m respectively for section 1 and 
2 
 
 
 
 
 
 
Fig 7 Variation in shear force with depth for section 1 
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Fig 8 Variation in shear force with depth for section 2 
 
 
 
The variation of bending moment in the diaphragm wall is shown in Fig 9&10. The extreme value is obtained at -
10m of the diaphragm wall. Bending moment is zero at the bottom and at the anchor location. The maximum value 
of bending moment which is obtained at -10m of the diaphragm wall is 6770 and 3910 kNm/m respectively 
 
 
 
 
Fig 9 Variation in bending moment with depth for section 1  
 
 
Fig 10 Variation in bending moment with depth for section 2 
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6.1 comparisons 
 
The extreme value of displacement, shear force and bending moment obtained is compared with previous study 
performed by Yajnheswaran et al. (2015) for anchor location at +2.5m. They have performed PLAXIS 3D analysis 
on diaphragm wall of uniform cross section based on NMPT site conditions.  
 
Table 3 Comparison 
 
   
Yajnheswaran et al. (2015) 
Present Study 
Section 1 Section 2 
Displacement (m) 0.00446 0.01061 0.01133 
Shear force (kN/m) 1420 1480 6960 
Bending moment (kNm/m) 8700 6770 3910 
 
 
From Table 3 it is clear that there is considerable reduction in bending moment for section 1 and 2, it is due to the 
reduction in stiffness. But it causes slight increase in displacement and shear force 
7. Conclusion  
The maximum bending moment and shear force of diaphragm wall analysed in this paper were greatly dependent 
on stiffness of wall. For section 1 and 2 bending stiffness is reduced by 40 and 65% respectively when compared 
with previous study by Yajnheswaran et al. (2015). Due to this maximum bending moment of section 1 is 23% 
lesser and section 2 is 55% lesser when compared Yajnheswaran et al. (2015). This reduction in bending moment 
is followed by considerable increase in wall movement; however magnitude of this increase will depend on degree 
of support provided to the wall. Since the new sections are exceptionally thin there will be a considerable reduction 
in material required and hence the cost. 
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